Research was carried out in the field on the effect of intercropping common bean and maize crops in a semi-arid zone of south-east Kenya over two rainy seasons in 1997. The experimental design was a randomised complete block design with eight treatments replicated four times. Significant differences were observed in total plant dry weight by the different treatments in pure stands, 21 days after emergence with higher values under mixed cropping system in common beans. However, at 42 days after emergence, plant dry weights in uninoculated common bean pure stands with N application were significantly higher than under other treatments. Common bean yields were significantly reduced by the maize intercrop. The inoculated common bean and N application treatment recorded the largest seed dry weights and subsequently yields per hectare. These findings suggest that intercropping common beans and maize considerably suppresses the yield of the former under the semi-arid conditions of south-east Kenya. Inoculation of common bean with the commercially available Rhizobium strain 446 on the other hand was effective and improved yields. Soil analysis of the experimental plots before and after one cropping season indicated that common beans increased N slightly or maintained it at the pre-planting levels. This was unlike the pure maize plots where there was a marked decline in soil N. There was however, a marked increase in soil phosphorus in all treatment plots.
Introduction
In Kenya, the most commonly grown legumes are field beans (Phaseolus 6ulgaris L.), Pigeon peas (Cajanus cajan L.) and field peas (Pisum sati6um L.; Shisanya, 1998) . Among these, field beans are the most widely cultivated. The crop is grown in all agricultural areas of Kenya except the lowlands (Acland, 1971; Hornetz, 1997) . Currently, production of common beans and other food crops in the marginal areas of Kenya has lagged behind population growth (Shisanya, 1996; Hornetz, 1997) . There is an urgent need to increase food production for the expanding population in these areas.
Research work has shown that total grain and plant-nitrogen (N) yields can be significantly increased by intercropping legumes with nonlegumes (Barker and Blamey, 1985) . Most farmers in developing countries have adapted this low-input system mainly for climatic and socio-economic reasons (Okigbo and Greenland, 1976; Kang, 1988) . Mixed cropping of cereals and legumes is widespread in the tropics (Ofori and Stern, 1987) because legumes used in crop production have traditionally enabled farmers to cope with erosion and with declining levels of soil organic matter and available N (Scott et al., 1987) . Biological nitrogen fixation (BNF), which enables legumes to use atmospheric N 2 is important in legume-based cropping systems where N is limited. Evidence suggests that associated cereals may benefit through N transfer from legumes (Fujita et al., 1990) . Land productivity measured by land equivalent ratio and monetary gain showed some advantages of mixed cropping of cereals and legumes (Yunusa, 1989; Mandal et al., 1990) .
Intercropping has gained interest in research because of the two potential advantages it offers: overyielding, i.e. improved utilisation of growth resources by the crop, and improved reliability from season to season (Helenius, 1990; Helenius and Jokinen, 1994) . If a legume is grown in association with another crop, commonly a cereal, the N nutrition of the associated crop may be improved by direct N transfer from the legume to the cereal (Giller and Wilson, 1991) . The legume uses fixed atmospheric N 2 rather than the soil mineral N which can be exploited by the companion crop (Vallis, 1967) . Therefore, productivity normally is potentially enhanced by the inclusion of a legume in the cropping system. However, under rainfed conditions of the semi-arid areas like south-east Kenya, C4 cereal plants like sorghum and maize seem to be more successful in terms of adequate water supply compared to the associated legumes, particularly drought adapted crop varieties under water stress conditions (Hornetz, 1997) .
There is very little research that has been carried out on the effectiveness of N 2 fixation of Fig. 1 . Effect of N source and cropping system on per plant dry weight of common beans (a) 21 DAE; (b) 42 DAE; (c) 70 DAE. Bars followed by the same letter are not significantly different by Duncan's multiple range test at P5 0.05. Treatments: (1) uninoculated beans and N-fertilizer; (2) uninoculated beans and no N-fertiliser; (3) inoculated beans and no N-fertiliser; (4) bean-maize intercrop and N-fertilizer and noinoculation; (5) maize-bean intercrop uninoculated and no N-fertiliser; (6) maize-bean intercrop inoculated and no N-fertiliser. Fig. 2 . Effect of N source and cropping system on nodules of beans (a) nodule dry weights 21 DAE; (b) nodule dry weights at 42 DAE; (c) nodule number 21 DAE; (d) nodule number at 42 DAE. Bars followed by the same letter are not significantly different by Duncan's multiple range test at P 5 0.05. Treatments: (1) ininoculated beans and N-fertillizer; (2) uninoculated beans and no N-fertiliser; (3) inoculated beans and no N-fertiliser; (4) bean-maize intercrop and fertilizer and no inoculation; (5) maize-bean intercrop uninoculated and no N-fertiliser; (6) maize bean intercrop inoculated and no N-fertiliser.
indigenous (natural) and inoculated (host-specific) rhizobia strains and intercropping in the semi-arid areas of south-east Kenya (Gitonga et al., 1999) . Pilbeam et al. (1995) found significant N increase in the plant tissues of drought adapted cowpea (Vigna unguiculata L. Walp) in the study area. In the same study, N fertiliser addition had no significant effect on the dry matter yield and N content of maize (Zea mays L. cv. Makueni DLC). An important limiting factor existing in the semi-arid areas of southeast Kenya is the fact that the prevalent soils, i.e. Fluvisols, Luvisols and Ferralsols (Eichinger, 1999) release important plant nutrients only after short periods of cultivation (Hornetz, 1997) .
No research attention has been given to N 2 fixation of the local varieties of legumes used by the farmers and the effect of intercropping these legumes with local maize variety Kinyanya in semi-arid south-east Kenya. The major objective of this study was therefore to investigate the effect of intercropping on nitrogen fixation under a semi-arid environment of south-east Kenya. 
Materials and methods

Experimental site
The experiments were carried out at Kenya Agricultural Research Institute (KARI), Kiboko sub-centre (latitude 02°12% S, longitude 37°43% E, altitude 975 m a.s.l.), located at about 160 km south east of Nairobi, the capital town of Kenya. The soils of the study area are well-drained Fluvisols, Ferralsols and Luvisols. The soil pH is 6.9 (measured in 0.01 ml − 1 CaCl 2 ). Analysis of soil N and P by the method described by Forster (1995a,b) , indicates a deficiency on both (0.7 mg N/g soil and 3.0 mg P/kg soil in 0-60 cm soil depth, respectively). These values of soil N and P are below the threshold values of 2.0 mg N/g soil and 4.5 mg P/kg soil for optimum crop growth in tropical soils, respectively) (Kapkiyai et al., 1999) . The C/N ratio and CEC are 11.7 and 7.8 mmol/ kg, respectively (Eichinger, 1999) . These values are classified as high (Landon, 1991) and low (FAO, 1977) , respectively. Rainfall is bimodally distributed, with median monthly maximum in April (126 mm) and November (138 mm). The median annual rainfall is about 582 mm/year. The short rains (October-January) generally have more rainfall and are more reliable than the long rains (March-June; Musembi and Griffiths, 1986) . Mean monthly temperatures are highest in February (24.3°C) and October (23.4°C), prior to the onset of the rains in March and November, respectively (KMD, 1984) .
Seeds and rhizobium culture
Seeds of local maize and common beans were obtained from local farmers. The seeds were carefully selected to ensure uniformity in size and colour. Commercial Rhizobium leguminosarum biovar. phaseoli strain 446 used to inoculate the common bean was obtained from the Microbiological Resource Centre (MIRCEN), University of Nairobi.
Field experiments
The experiments were conducted over two seasons (March-June) and (October-December) of 1997. The results were basically the same for the Fig. 4 . Effect of N source and cropping system on dry seed weight of common beans (a) total sed dry weight; (b) 100 seed dry weight. Bars followed by the same letter are not significantly different by Duncan's multiple range test at P 50.05. Treatments: (1) ininoculated beans and N-fertillizer; (2) uninoculated beans and no N-fertiliser; (3) inoculated beans and no N-fertiliser; (4) bean-maize intercrop and fertilizer and no inoculation; (5) maize-bean intercrop uninoculated and no N-fertiliser; (6) maize bean intercrop inoculated and no N-fertiliser. two seasons. Thus the results presented in this paper are the pooled data from the two seasons. Average seasonal rainfall amount during the experimental period was 336 mm. Soil moisture was monitored in the experimental plots daily using calibrated gypsum electrodes (SOILMOISTURE Sta. Barbara, California, USA), for the entire growing period.
The field experiments were made up of eight treatments as follows:
At planting time all seeds were dressed with Furadan chemical (active ingredient 5% carbofuran) at a rate of 5 g/kg of seed to control soil pests like cut-worms (Agrotis ipsilon). Maize was sown in rows of 75 cm apart with a spacing of 30 cm between plants in the row yielding a plant density of 44 400 plants/ha. Common beans were sown 50 cm between rows and 20 cm within rows, giving a density of 100 000 plants/ha. The intercrop plots consisted of alternating maize/bean rows with planting densities same as those in the respective pure crops. These are the recommended plant densities for the semi-arid south-east Kenya (Shisanya, 1996) .
Land preparation was carried out by tractor ploughing followed by harrowing. A basal dose of triple superphosphate granules (TSP; 50% P 2 O 5 ) fertiliser was applied at the rate of 40 kg/ha to all the plots, to minimise plant phosphorus deficiencies.
Before planting, common beans for inoculation treatments were rinsed in 10% sucrose solution to help the inoculant carrier material (filtermud) to stick on the seeds (Kibunja, 1984) . Inoculation with rhizobia was carried out by addition of 6.7 g of filtermud based inoculant for every kg of moistened sucrose-coated common beans. This was followed by thorough mixing of the seeds with the inoculant until the seeds were uniformly coated. The inoculated seeds were kept covered in a container to avoid exposure to direct sunlight.
The crops were dry planted before the onset of the rains in each season. This is a common practice in the study area (Shisanya, 1996) . For each of the crops, four seeds were planted per hole. One week after seed emergence, the first weeding took place and the plants were thinned to two per hole. At 10 days after emergence (DAE), the plants for N-fertiliser treatment were top-dressed with calcium ammonium nitrate fertiliser (CAN, 26% N) at the rate of 40 kg/ha. The second weeding was carried out 21 DAE when the plants were about 20 cm above ground.
Plants were sampled 21days and 42 days after emergence (DAE) and at full physiological maturity (70 DAE). Two plants were randomly sampled from each plot and various growth parameters determined. The plant material was partitioned into roots, stems and leaves. The plants were dug up for nodule counting (in case of common beans) and determination of below ground biomass. Plant samples and nodules were oven dried at 70°C to constant weight. Dry weights of the various parts of the plant samples were determined and recorded using a high precision Sartorius balance. From the final harvest, the following data were collected: pod number and pod dry weight of common bean, dry weight of pods per plant, cob dry weight per plant in maize, seed (grain) dry weight per plot, 100 seed dry weight and the yield per treatment plot.
Nitrogen and carbon contents from final sampling were analysed using the high sensitivity nitrogen-carbon analyser (Sumigraph NC-90). Soil Table 1 Effects of intercropping on the yield of common beans and maize grown at Kiboko, Kenya, over two cropping seasons of 1997 samples were taken as composite samples (five samples per plot then mixed to give a composite sample) and nitrogen analysed before and after crop harvest using the Kjeldahl method (Bremner and Mulvaney, 1982) . Soil phosphorus was determined using the Olsen method (Watanabe and Olsen, 1965) . Nodule number and weight were also determined.
Data obtained were analysed and presented using both descriptive and qualitative statistical procedures. Data were subjected to analysis of variance (ANOVA) and means separated using Duncan's multiple range test at P 50.05 (Steel and Torrie, 1981) .
Results
There were no significant differences (P 5 0.05) in total plant dry weights between the different treatments in pure bean plants, 21 DAE (Fig. 1a) and also between the maize-common bean intercrop. The total plant dry weight, however, was significantly higher in the inoculated common bean-maize intercrop plants than in the inoculated common bean pure plants. The effect of N-fertiliser treatment on total dry matter of intercrop plants was significantly higher than in pure common bean plants. Generally, the total dry weights of the pure bean plants 21 DAE were lower than the dry weights of the intercrop common bean plants.
At second harvest (42 DAE) there was again no significant difference (P 5 0.05) in total plant dry weights between the different treatments (Fig. 1b) . Plant dry weights were however significantly lower in pure common beans uninoculated and no N fertiliser treatment, i.e. the control. The N-fertiliser total plant dry weights were significantly higher than the control. There were no significant differences (P 50.05) in total plant dry weights between the control and inoculated plants. The total dry weights of the intercrop common beans by different treatments did not differ significantly, and were similar to the control.
In Fig. 1c , all the intercrop common bean plants at 70 DAE had significantly lower dry weights than the N-fertiliser pure common bean plants and the inoculated pure common bean plants, but did not differ significantly from the control (2). Shoot dry weights of the intercrop plants were higher than those of the pure plants, at 21 DAE. Different treatments had no effect on the shoot dry weights of the pure common bean plants, and only N-fertiliser treated intercrop common beans showed larger shoot dry weights than all the other treatments. At 42 DAE there was no significant difference (P 50.05) observed in the shoot dry weights in all the treatments except the N-fertiliser treatment. At 21 DAE none of the treatments affected significantly the root dry weights of pure common beans. In the intercrop, the root dry weights were similar in all treatments. However, the root dry weights were higher in the common bean intercrop than the pure stands. At 42 DAE the root dry weights did not vary significantly (P 5 0.05) for all treatments.
Inoculation had no significant effect on the nodule number per plant at 21 DAE (Fig. 2c,d , respectively). Similar effect was observed at 42 DAE. Only treatments (2) and (4) were significantly different. There was no significant difference (P5 0.05) in nodule dry weights by all treatments at 21 and 42 DAE (Fig. 2a,b , respectively). Inoculation had no significant effect on nodule dry weight.
Pure common bean and intercrop treatments did not show significant difference (P5 0.05) in Fig. 6 . Soil phosphorous (P) concentration in cropping systems with common beans and maize at Kiboko (topsoil, long rains (l.r.) 1997).
pod numbers at 42 DAE (Fig. 3c) . However, a significant difference (P 50.05) was observed in pods dry weights (Fig. 3a) . The N-fertiliser (1) treatment gave larger pod dry weight/plant comparing to the control. From Fig. 3b , pod dry weight/plant was significantly larger (P 5 0.05) in (3) than (1) . There was no significant difference (P5 0.05) in pod dry weight/plant of intercrop plants at final harvest.
Treatment (3) gave the largest seed dry weight/ plant followed by (1) (Fig. 4a) , significantly different (P5 0.05) from (2). Significant differences (P5 0.05) were observed in total common bean seed yield/ha between the pure and intercrop treatments ( Table 1 ). There were no significant differences (P 5 0.05) in the 100-seed dry weights for all.
The analysis of soil nitrogen before and after the cropping season showed that plots with common beans as pure crop and intercrop had stabilised and partly enriched soil N during the vegetative periods (Fig. 5) . Phosphorus content in the soil increased in all of the plots by between 5 and 66%, being lowest in plots with common beans-maize intercrop and highest in pure common bean inoculated plants (Fig. 6 ).
Discussion
Most researchers are aware of the benefits of inoculating legume seeds with suitable strains of nodulating bacteria. A simple trial to determine the need for inoculation requires only three treatments (Vincent, 1974) : (a) an uninoculated control to check for the presence or absence of native rhizobia and their effectiveness; (b) an inoculated treatment using Rhizobium effective for the present host; and (c) an uninoculated treatment plus N.
Plant dry weight was used indirectly to estimate N 2 fixation in the present study. There were no significant differences in the growth parameters measured in the early development of common beans. This implies that they were deriving their nutrients from the soil and seed and none had an advantage over the other. At final harvest, inoculated beans and N treated common beans had significantly higher dry weights than the control. This is an indication that inoculation had a significant effect on N 2 fixation and therefore the indigenous rhizobia were not so efficient in fixation (Wani et al., 1995) . These results are contrary of those found by Pilbeam et al. (1995) , who reported that both N-fertilisation and inoculation did not improve yield of common beans in the study area. Response to inoculation is expected: (a) in soils in which the specific rhizobia are absent or sparse; and (b) where indigenous rhizobia are ineffective or partially effective in N 2 fixation (Vincent, 1974; Halliday, 1984; Gitonga et al., 1999) . When a legume is inoculated successfully, the resulting functional nodules quickly make the legume independent of soil N, the plant produces a protein-rich seed and the soil is left enriched in N (Ayanaba, 1977; Ayanaba and Bromheld, 1980) . There were no significant differences in most measured parameters at harvest, comparing to pure stands, except for higher values obtained for pure uninoculated beans without N application. This is an indication that intercropping suppressed the legume growth. Similar observations have been made by Ayisi and Poswell (1997) , and Hornetz (1997) under adequate water supply. This could have been due to competition between the common beans and maize for limited N and phosphorus nutrients in the soil (Brockwell et al., 1995) , sharing of fixed N 2 with the maize and shading which reduced photosynthesis (Tanaka and Fujita, 1979) . The mineralisation rate under such climatic conditions has been found to be so fast within the short growth cycle period (Hornetz, 1997; Eichinger, 1999) . According to Ledgard et al. (1985) , Danso et al. (1986 Danso et al. ( , 1988 , Hardarson et al. (1988) and Launauce (1996) , among others, for temperate and cold climates, it seems that very little N is transferred in a shortterm period, up to 6 months, because mineralisation must take place. The effect of intercropping seems to overshadow treatment effects in common beans such that no significant differences were observed in the intercropped beans in various treatments. N 2 fixation with common beans is usually not well succeeded either because selected Rhizobium strains are not selected from indige-nous Rhizobium, well adapted for the actual environmental conditions, by the high soil temperatures and by the low soil moisture.
Maize as a C4 plant is usually a more competitive crop at the expense of a legume in maizebean intercropping systems (Crookston and Hill, 1979; Gitonga et al., 1999) . Analysis of different plant tissues did not reveal any significant differences in nitrogen and carbon contents between treatments and cropping systems of common beans (data not shown). For maize, however, the yield in intercropped plants was significantly lower (P5 0.05) than control plants in pure stands (Table 1) . This, apparently, could be attributed to lower nutrient uptake of the intercropped maize plants hence weaker yield performance. Similar observations have been noted by Gitonga et al. (1999) in green grammaize intercrops in the study area. Maize grain yield of the pure crop was in agreement with that obtained by Kimotho et al. (1997) in semi-arid eastern Kenya.
Soil analysis of nitrogen showed that plots with common beans as pure crop and in intercrop had partly enriched the soil N during the vegetative cycle (Fig. 5) . This can be interpreted that indigenous as well as commercial rhizobia fix nitrogen with common beans in both pure and intercrop. Maize plots were characterised by a decrease in N, possibly caused by their high nutrient demand. Phosphorus content in the soil increased in all the plots, being the highest in inoculated treatment plots. This shows that amendment of soil with TSP increased soil phosphorus. Improvement of soil phosphorus in Kiboko soils has been reported by Hornetz (1997) in tepary beans -sorghum intercrop after a cropping season. This could be attributed to increased soil microbial activity especially mycorrhiza which facilitates the release of large quantities of insoluble nutrients like phosphorus for the plants (Ames et al., 1983; Menge, 1983) .
Conclusions
Intercropping maize and common beans is not advantageous under the semi-arid conditions of south-east Kenya. Significant yield reductions are observed in both crops. Maize is usually more competitive at the expense of the associated legume crop mainly due to better rooting system. It has been shown elsewhere that common beans produced only 40% of their optimum yields when intercropped with sorghum (Katumani var. K369; Hornetz, 1997) . Inoculation with the commercial Rhizobium strain 446 was efficient under the present environmental conditions.
